MICRO-LOGIC li; 
The CAE tool with a 10,000-gate 
digital simulator for your PC. 




Spectrum Software's MICROLOGIC II® puts 
you on top of the most complex logic design 
problems. With a powerful total capacity of 
10,000 gates, MICRO-LOGIC II helps engi- 
neers tackle tough design and simulation 
problems right at their PCs. 
MICRO-LOGIC II, which is based on our 
original MICRO-LOGIC software, is a field- 
proven, second-generation program. It has 
a high-speed event-driven simulator which is 
significantly faster than the earlier version. 




Built-in shape editor 
Multiple delay models 
Printer and plotter hard copy 




The program provides you with a top-notch 
interactive drawing and analysis environ- 
ment. You can create logic diagrams of up 
to 64 pages with ease. The software fea- 
tures a sophisticated schematic editor 
with pan and zoom capabilities. 



Sktipe Eitt 



A 200-type library of standard parts is 
at your fingertips. And for a new high in 
flexibility, a built-in shape editor lets you 
create unique or custom shapes. 

MICRO-LOGIC II is available for the IBM® 
PC. It is CGA, EGA, and Hercules® com- 
patible and costs only $895 complete. An 
evaluation version is available for $100. 
Call or write today for our free brochure 
and demo disk. We'd like to put you in 
touch with a top digital solution. 

■ Total capacity of 10,000 gates 

■ Integrated schematic editor 

■ Fast assembly language routines 

■ Standard parts library of 200 types 

■ tvent-driven timing simulator 
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Use of graphs eases 
transformer selection 
for linear supplies 



Engineers generally use simple rules of 
thumb when selecting transformers for lin- 
ear power supplies. These rules of thumb 
aren't universally applicable, however, and 
blindly using them may cause you to select 
a less-than-optimal transformer — and thus 
a less-than-optimal supply. 



Thomas G Lock, Case Western Reserve 
University 

If you're designing a linear power supply that will use a 
transformer operating at full rated load with a load- 
regulation factor of 0.9, traditional rules of thumb for 
selecting the transformer will suffice. For other applica- 
tions, these rules won't necessarily be sufficient. You 
can account for varying power-supply operating param- 
eters for all operating conditions by expressing the 
equations in the box, "Circuit models yield design 
equations," in the form of easy-to-use graphs. These 
equations are derived from simple models of common 
power-supply topologies (Fig 1). 

Modeling power supplies' behavior involves some 
simplifying assumptions. The models used to produce 
the graphs in this article assume that you can ignore 
the effects of temperature and mains-voltage varia- 
tions; assume that diodes conduct abruptly, have a 
constant forward-voltage drop, and have a negligible 
series resistance; and assume that the filter capacitors 
have a negligible equivalent series resistance and such a 
large capacitance that the ripple voltage (the ac voltage 





Vf 



It- 



Fig I — For each linear-power-supply topology — iiaif-ivave (a.) 
full- wavt bridge fb.) and /nil -tea re center-tap fc)—you ran use Figs » 
2 through 6 to determine the important circuit parameters necessary P* 
for component selection. 
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The transformer makers' rules don't state 
where the numbers come from or whether 
they are applicable to all operating condi- 
tions. 



across the capacitor) is also negligible. The models don't 
ignore the internal impedance of the transformer, how- 
ever, because it's too important. 

Although this article uses many first-order approxi- 
mations to describe power-supply operation, the design 
rules and graph derivations are accurate models of real 
power supplies and are much more accurate for a wide 
range of designs than are the rules of thumb. Table 1 
shows the transformer makers' simple rules of thumb 
for selecting a transformer for a 1A power supply with 
capacitive filtering. Depending on whether you're using 
a half-wave, full-wave bridge, or full-wave center-tap 
rectifier, you'll need a 2.4, 1.8, or 1.2A transformer. 
Although the numbers are right, the rules don't state 
where the numbers come from or whether they are 
applicable under all operating conditions. In fact, they 
aren't. 



To understand why, you may at this point want to 
refer to the equations derived in the box. A transform- 
er's specified voltage V Sl specified current I s , and 
load-regulation factor F x are all constant characteris- 
tics of the transformer. The conduction angle 8, dc 
output voltage V , dc output current I , peak diode 
forward current I h -, rms transformer current I T , and 
rms capacitor current I c are all variables that depend 



TABLE 1-RULES OF THUMB FOR 
TRANSFORMER SELECTION 



TRANSFORMER/RECTIFIER 


FILTER 


REQUIRED RMS 


TYPE 


TYPE 


SECONDARY RATING 


HALF-WAVE 


CAPACITOR 


2.4x0C CURRENT 


FULL-WAVE BRIDGE 


CAPACITOR 


1.8xDC CURRENT 


FULL-WAVE CENTER-TAP 


CAPACITOR 


1.2xDC CURRENT 



TABLE 2 — RULES OF THUMB VERIFIED 



TO OBTAIN: 


MULTIPLY TRANSFORMER-TYPE FACTOR: 


BY: 




HALF-WAVE 


FULL-WAVE BRIDGE 


FULL-WAVE CENTER-TAP 




Fj 


0.90 


0.90 


0.90 




It 


2.39 


1.81 


1.19 


lo 


Vo 


1.24 




0.62 


Vs" 


If 


7.16 


4.12 


3.58 


lo 


lo 


1.00 


1.00 


1.00 


lo 


Ic 


2.17 


1.51 


131 


lo 



•Vo=(1.32xV s )-(2xV F ) 

"AFTER MULTIPLICATION. SUBTRACT V, FOR EXACT RESULT. 
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on how much power the supply actually delivers. 

The maximum allowable power dissipation in the 
transformer occurs when I T = Is — when the transform- 
er's rms current under load equals the manufacturer's 
rated maximum current. Plugging this condition into 
Eqs 2, 4, and 6 in the box generates Table 2's list of 
relationships for a transformer dissipating its maximum 
allowable power. (Table 2 expresses current in terms of 
lo because engineers generally think of a power supply 
in terms of its output current.) 

Rules verified in one instance 

These results verify the transformer makers' rules of 
thumb: A 1 A supply using a half-wave rectifier requires 
a 2.39A transformer; a 1A supply with a full-wave- 
bridge rectifier requires a 1.81A transformer; and a 1A 
supply with a full-wave center-tap rectifier requires a 
1.19A transformer. As stated earlier, though, these 
results are only valid for the transformer under full load 
and with a load-regulation factor of 0.9. 

Fig 2 plots I T /Is vs Vis for the three topologies; HW 
stands for half-wave, BR stands for full-wave bridge, 
and CT stands for full-wave center-tap. The graph 
shows the points where each curve crosses the I T /I 3 = 1 
line. These points represent the maximum allowable 
transformer load. The X-axis coordinates of these maxi- 
mum-load points are simply the reciprocals of the 2.39, 
1.81, and 1.19 factors in Table 1. Operating to the right 
of these points would overload the transformer. 

Figs 3 through 6 are similar graphs; they plot I T , V , 
I f -, and I c with respect to In/I s . All the graphs assume 
that the transformer's load-regulation factor F x is 0.9. 
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Fig 4 — After selecting goitr transformer, tjou can use this graph to 
predict your power supply's output voltage. t\'y is the rectifier's 
forward-voltage drop). 



For more precise results, use the exact value of F x for 
the transformer you are using and replot the graphs 
from the equations in the box. 

The graphs may indicate some unexpected results. A 
simple example will serve as an illustration. For a 1A 
power supply with a 10A transformer and a half-wave 
rectifier, Io/Ij=0.1. The graphs indicate that the capac- 
itor rms current will be 2.875A, the transformer rms 
current will be 3.05A, and the diode peak forward 
current will be 11. 6A. Assuming a diode forward- 
voltage drop of IV, a 10V transformer will provide a dc 
output voltage of 13.5V. 

■ To fully comprehend how to use the graphs, consider 
a more realistic example: a 3A, 20V power supply 
suitable for regulation to 15V. First, you have to decide 

Text continued on pg 164 
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Fig 5— This graph predict* the forward current that your rectifier 
diode it-ill have to handle. 
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Fig 6— Using thin graph will ensure proper sizing of your power 
supply's output-filter capacitor. 
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Circuit models yield design equations 

To model a real transformer, you can use an ideal 
voltage source Vj(Sin(t) in series with an internal 
impedance R x . In the case of a center-tap trans- 
former, half of the voltage and half of the imped- 
ance appear on each half of the secondary wind- 
ing. With the transformer connected to a load, 
the current flowing through R x causes a voltage 
drop across R x and reduces the transformer's ter- 
minal voltage. 

Transformer makers specify a transformer's 
rms voltage (V s ) and rms current (Is). The ratio 
of V s to the open-circuit voltage, typically 0.8 to 
0.9, is the transformer's load-regulation factor 
(Fx). 

The transformer equations for F x , R x , and P s 
(power) are 



Fx = 

Rx = 
Ps = 



V2V S _ specified rms voltage 
V M open-circuit rms voltage 



(V. M /V2)-V S 
Is 



VF X Vis 



(l-F x )V lV |/V2 



(£-l)xV s x 



Equivalent circuits 

Now consider the equivalent circuit of a simple 
half-wave power supply (Fig la in the accompany- 
ing article). Engineers often assume that the fil- 
ter capacitor charges to V M at the peak of the 
rectifier output, as Fig Aa purports to show. This 
assumption is invalid, because current flowing 
through the transformer produces a voltage drop 
across R x , which reduces the transformer's termi- 
nal voltage. If the transformer's terminal voltage 
is reduced, the filter capacitor cannot charge to 
V„. 

In the alternative model in Fig Ab, current 
only flows when the transformer's output voltage 
exceeds the supply's output voltage (plus the for- 
ward-voltage drop of the series diode). Nonethe- 
less, assume that the capacitor is so large that the 
change in voltage across it during this conduction 
interval is negligible. Because V and V F are both 
constants, the transformer's terminal voltage is 
clamped at V»+V F . During the entire time 
0<t<2iv, a constant current I =Vo/Ri. flows 
through the load. 

Based on the conduction angle, 8, and the 
transformer's V. s , I s , and F x , you can calculate 
the following circuit parameters: the dc filter out- 



put voltage (V ), the dc filter output current (I,,), 
the peak diode forward current (I F ), the rms 
transformer current (I T ), and the rms filter capac- 
itor current (I c ). You can generally read the peak 
diode forward voltage V F from the diode's data 
sheet if you know I F . 

First, the transformer voltage at which the rec- 
tifier begins to conduct is 

V M sin(S) = Vo+V F . 

Or, in terms of the dc filter output voltage, 

Vo = visin(a) Vs _ VF 

The peak diode current occurs when the volt- 
age across the transformer's internal impedance is 
at its maximum — which equals the maximum sine- 
wave voltage minus the transformer's terminal 
voltage: 



t _ V.«-(Vo+Vr) _ V2[l-sin(S)] „. 
h ~ ^ ~ 1-Fx Xls 



(1) 



The instantaneous transformer current, I x , dur- 
ing conduction is 

u - Vx = V.Msin(t)-(V +V F ) 

R x R x 

Integrating the instantaneous current and di- 
viding by the period yields the average trans- 
former current: 

"i i rr 

average current = I x xdt 

= J_ f-' VMsm(t)-(V +V r ) .. jL 
2tt Jj Rx 

Because the average voltage across the capacitor 
is constant, the average current through the ca- 
pacitor must be zero. Therefore, the average 
transformer current must be equal to I . Solving 
for this equation yields 

I = 2cos(a)+(2g-7r)sin(g) ... 

ir(l-F x )V2 S ' 

Plugging the instantaneous current into the 
standard rms integral equation gives 
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rms current = 



which yields 



1|T 
TJo 



I x 2 xdt 



in 



V M sin(t)-(Vo+V F ) 



The full-wave bridge supply can have two diode 
forward-voltage drops at any time, and the period 
of the transformer current is it instead of 2it. 
dt, These differences result in the following equa- 
tions for the full-wave bridge rectifier circuit: 

V„sin(S) = V +2V r 



It= 



1-F; 



25)[|+sin-(c5)]- 



gSin(2S)]xI.. 



(2) 



Although the average current through the filter 
capacitor is zero, the capacitor does charge and 
discharge. Its rms current is 



I c = vT^V. 

The equations for full-wave bridge and full- 
wave center-tap rectifier circuits are simple ex- 
tensions of the half-wave rectifier equations. Con- 
sider the full-wave bridge power-supply 
equivalent circuit first (Fig lb in the accompany- 
ing article). There are two differences between 
the full-wave bridge and the half-wave circuits: 




Fig A — You are incorrect if you assume that the filter capacitor 
charges to V u at the peak of the rectifier output as Aa shows. Ab's 
correct model of filter-capacitor operation shows current flowing 
only when the transformer's output voltage exceeds the supply's 
output voltage (plus the forward-voltage drop of the series 
diode). 



V = 
Ir 
Io 
It 



V2sin(5). 



V S -2V F 



V2tl-sin(g)] XI 

V2[2cos(5) + (2a-ir)sin(g)] 
tt(I-Fx) 



(3) 



xl s 



= jrjrJf [( ff -2c5)[|+sin 2 (S)]-|sin(2c5)]xI s (4) 



I c = Vl T --Io 2 . 

Next, consider the equivalent circuit for a full- 
wave center-tap power supply (Fig lc in the ac- 
companying article). There are four differences 
between the full-wave center-tap and half-wave 
circuits: The peak transformer voltage is Vm/2, 
the transfoiTner impedance in each leg is R x /2, 
the period of the current charging the capacitor is 
tr instead of 2tt, and I T is defined as the current 
flowing through one leg of the transformer, re- 
sulting in two paths of current through the recti- 
fier diodes to the filter capacitor. 

These differences result in the following equa- 
tions for the full-wave center-tap rectifier circuit: 

V„sin(S)/2 = V +V F 



V2[l-sin(3)] 
h - 1-F* Xls 

- = V2[2cos(5)+(25--n-)sin(a)] 



(5) 



jrd-Fx) 



x Is 



It = jqpr^[(7r-2«)[|+sin a («)]-|sin(2«)]xl s (6) 



Ic = V2I T 2 -I 2 . 
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*L* CADDY-PACK-' Transport- 

■ ers come in all shapes and sizes. 
That's because each is made to 
match one product . . . one use 
guideline . . .one cost requirement. 

And, every CADDY-PACK 
provides superior ESD protection 
combined with the inherent strength 
of corrugated packaging and the 
cushioning power of its exclusive 
I CANCEL" lining. 

The best in packaging tech- 
nology ... large runs or small. 
No order is too large or too small. 
When the ADE Customan engineers 
., a CADDY-PACK Transporter for 
your component, we can produce 
I] two or two hundred thousand. 
1 And, you'll find features avail- 
able in no other single unit ship- 
ping container. Like durable foil 
lining on both the Transporter and 
Shipping Sleeve (Model D). Or the 
Hook n' Loop'" Reclosable System 
for easy access and secure closing 
during handling and transporting. 

Send Customan your 
high anxiety component. 
It's easy to get started. A visit 
from your ADE Customan will help 
determine what your packaging 
needs to accomplish. Then, give 
him a sample of your product ... a 
prototype . . .or a drawing. Turning to 
the broad based resources of ADE, 
Customan will design a 
packaging vehicle that will take the 
anxiety out of transporting 
your components. 
To learn more about how 
CADDY-PACK stacks up to protect 
your products, call us toll free at 
1-800/222-0221 or 
FAX 312/646-3919. 
Customan will send you 
-AT NO CHAFtGE-ADE's 
Guide to ESD Damage 
Control. 




r ADE, Inc. 
1430 East 130th Street 
Chicago, IL 60633 
312.646-3400 



which topology to use. Supposing you use a full-wave 
bridge rectifier, you can see by looking at Fig 3 that you 
need at least a 5.4A transformer. Fig 4 indicates that 
the transformer should be rated at about 16.7V (assum- 
ing IV diode forward-voltage drops). If you use a 
full-wave center-tap rectifier, you need a 3.6A, 33.9V 
transformer. 

In this case, the center-tap rectifier circuit is the 
topology of choice because of the availability of a stock 
4A, 36V transformer (Stancor P-8673). Going back to 
the graphs armed with this transformer's parameters, 
you can see that I(/I s =0.75 (indicated by a dotted line in 
Fig 3). Fig 3 also indicates that the transformer rms 
current will be 3.7A. Fig 4 predicts a dc output voltage 
of 2I.8V, resulting in the voltage regulator dissipating 
20.4W. Fig 5 shows that the diodes must be rated for a 
repetitive peak forward current of 11. 1A, and Fig 6 
indicates that the filter capacitor must be able to 
withstand an rms current of 4.2A. 

You should be aware of one other salient parameter 
when choosing a transformer. When the power supply- 
is first turned on, the voltage across the filter capacitor 
is zero, momentarily short-circuiting the transformer. 
This short circuit causes the entire peak voltage of the 
transformer to be dropped across the transformer's 
internal resistance because of the large current flowing 
through the rectifier into the capacitor's effective 
ground. The rectifier diodes must be able to withstand 
this momentary surge of current (diode manufacturers 
specify it as Irsw)- Using Eqs 1, 3, and 5 from the box, 
you can calculate Irsa for a half-wave, full-wave bridge, 
and full-wave center-tap circuit, respectively. For the 
example in the previous paragraph, I fs u=56.6A. 
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Have you ever imagined life 
Triad transformers? 




Quite simply, life without Triad would be a bit 
prehistoric. After all, doesn't every new electronic 
product idea or improvement require a state-of-the-art 
transformer design? Of course, and specifying anyone 
other than Triad may set you back. 

Triad's optimum transformer designs are ideal for 
nearly every application you have, providing high 
quality and delivering superior on-the-job performance. 
We even offer technical assistance in the form of the 
best engineers and designers in the electronics industry. 

You see, we're your problem-solving partner. You 
can trust Triad to realize your vision. Use another 
transformer and you may just be re-inventing . 
the wheel. 

Call or write Triad today for our free 
Transformers. Inductors and Power Supplies ] 
Catalog — 305 North Briant Street. 
Huntington, IN 46750, 219-356-7100, 
TWX 810-333-1532. 

Triad gets wound up in your ideas 




BBMagneTek 



Triad-Utrad 
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